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PROPELLERSCALEEFFECTANDBODYInterference
By FredE. Weick.
summary
Thisnotesho& thatthemainpartof thediscrepancybe
tweenfullflightpropellerperformanceandtheperformanceof —
modelsina windtunnelisdue to a scaleeffect,andthata
minorpartiscausedby bodyinterference.Analysesaremadeof
propellerperformanceson severalstandardairplanes,andthe --
actualbrakehorsepowercomparedwithtinepoweras calculated
.
—
frommodeltestdata. The calculatedpowerisbasedon thatab- .
k
sorbedby a windtunnelpropellermodelwhichis geometrically
.
similartothefullscalepropellerand isoperatingunderthe ..,
sameratioof v/nD.
Forthecasesinvestigated,it is foundthattheratioof
brakehorsepowerto calculatedhorsepowervarieswiththetip
speedof thepropeller.Withaveragefuselagesthegreatest
deviationfromthemoancurveisabout2%
—
—
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Propellerdesigners
Introduction
havelongbeenseekinga relationbe-
tweenpowerabsorbedby propellersinpracticeandthatcalculat-
ed eitherfroma windtunnelmodeltestor by somesystemof anal-
ysissuchas thebladeelementtheory.
Thedifferencehasbeenconsideredas duelargelyto thein-
terferencebetweenthepropellerslipstreamandthepartsof the
airplaneimmediatelybe-hindthepropeller.However,otherfac-
torswhichenteraredeformationof thepropellerbladesand ‘-’
<
—.
.
.
scaleeffect,bot ofwhichva~ywiththetipspeed.‘-”&om
NationalAdvisoryCommitteeforAeronautics’ReportNo.220, ‘
“Comparisonof Testson AirplanePropellersinFlightwithWind
- TunnelModelTestson SimilarPropellers,~lby DurandandLesley,
L it seemsthat,whilesomeof theincreaseinpowerisdueto in-
l
terferencewiththefusela&e,mostof it isunaccountedforin
thetestresults.Itmay,therefore,be assumedtobe dueto de
formationandscaleeffect,and todependto someextenton tip
speed. Sincethetipspeedsof fullscalepropellersnowused
varyfromabout500ft./see.to 1100ft./see.,it seemsreasonable
-toassumethatforaccuratedesignor analysis,thetipspeedor
an e&uivalentvelocityshouldbe considered.TO supportthis
assurqtion,a nutierof actualpropellerperformancetestson
l
variousairplaneshavebeenanalyzed.The ratiosof theactual
l
orbrakehorsepowersto thecalculatedor equivalentmodel.horse- .-
powe~sof thepropellersactingaloneareplottedagainstthe
.
N..4.coA”TechnicalNoteNo.225
.
tipspeed(takenas TrnD).Thepointsfor
} agefuselagesallcomewithinabout2% of a
3
airplaneswithaver-
smoothcurve,but ‘
thisaccuracymustbe considereda matterof chancesincethe
brakehorsepowerof theenginescannotbe determinedwithinless
than3$ or 4%.
Themethodofpropelleranalysisusedwasdevelopedby the
writer.It isbasedon testsof a seriesofNavystandardmod-
elsby DurandandLesley.Thepowezsabsorbedwereresolved .
intonondimensionalcoefficients,andplottedin theformof
curves.Sincethemodeltestscoveronlya smallrangeofpitch
diameteratios,bladewidths,andbladethicknesses,theblade
elementtheorywasusedto calculatextremecases. To make
l thebladeelementanalysisgiveresultsconsistentwiththemod-
el series,calculationswere‘madeof themodelperformances&
“ throughoutheirrange. Itwasfoundthatby usingbladeinter-
ferencecorrectionsas giveninR.&U. 639of theBritishAdvis–
ory”CoumitteeforAeronautics,andairfoilsectioncharacter-
isticsobtainedin McCookFieldhighspeedwindtunnel,thecal-
culatedpowersandefficienciescame withinabout7$ of theex-
perimentalvaluesovertheworkingrangeof themodels.The
calculationswerethenperformedin reverseorderusingtheex-
perimentalmodelvaluesforpowerandefficiencyas a basis,
l
andcorrespondingbladosectioncharacteristicsweredetermined.
l Nowusingtheseblade;’sectioncharacteristicsin thebladeele-
menttheory,thecalculationsweremadeagainandcheckedthe
modelresultsveryclosely.Thismethodof calculationwasthen
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* usedto expandthemodeldatato.a rangelargeenoughto include
allpropellerslikelytobe foundinpractice.
*
Theactualanal-
ysisis madeby s}mplyusinga fewcurvesinwhichallof the
dataareplottedin theformofdimensionlesscoefficients.
ThepropellersinvestigatedareallNavywoodstandardor ‘
similartypes,andarethoughttodistortverylittleinaction.
DistortionandScaleEffectComparedwithBodyInterference.
InFig.1 a comparisonis madeof thepoworabsorbedbymod-
elpropellersaloneina windtunnel,modelswitha modelVE-7
fuselagesandfullscalepropellersin“fre-e}flighton a VE-7air-\
--
plane. Thedataaretakenfromthetestsby DurandandLesley ‘}
andarepresentedforthreepropellersofvaryingpitchanddia#-
?
eters.In eachcase,it isshownthatexceptfor V/nD~s higher
b thanthoseinnormaluse,theincreaseinpowerof thefullscale
propellersoverthemodelsaloneisaccountedfor ina very
smalldegreeby thefuselageinterference,if thelattermaybe
consideredas theratioof thepowerof themodelwithfusela~c
to thatof themodelalone. At highslipsitappearsthatthe
effectof fuselage
differencebetween
It may,therefore,
interferenceonpowerisnegligible,butthe
fullscaieandmodelresultsis quitemarked.
be assumedthatmostof thediscrepancybe-
tweenmodelandfullscaleresultsisdue to scaleeffectand
.“
distortion.Furthermore,as bothof thesearefunctionsof tip
*
speedandas thetipspeedsof propellersvaryovera widerange,
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modelresultscannotmerelybe ~lboosted!lor 1!steppedUpltoan-
l
otherairplaneforfullscalework,,but mustbe fittedto the
* particulartipspeedusedin everyindividualfullscalepro-
peller.
Analysisof FreeFlightTests:
In orderto substantiateheaboveassumption,theresults
of severalpropellertestson differentypesof airplaneswere
analyzedandthedatacollectedin theaccompanyingtable.All ‘.
of thefirstseriesfallwithintheaveragetractor”biplane
class,butthosein thesecondgroup,the MO-1,PN-7,andPN-9,
.—
are extremecases. In Fig.2, theratioof actualbrakehorse-
powerovercalculatedhorsepowerisplottedagainsttipspeed.
.
Thepointsforairpl~eswithaveragefuselageslie“.tiithin-
? 2% of a smoothcurve.TheMO-3.,whichhasan exceptionally
\ largefuselageandthickwingsimmediatelybackof thepropeller
showshigherpowerthantheaverage,whichistobe expected.
fromthehighfuselageinterference.Evenin thisetiremecase,
thepowerisonly5%abovetheaverage,andtheaverageis13%
abovethemodelor calculatedpower,whichgivesan indication
of therelativevaluesofbodyinterferenceandscaleeffect.
ThepointsforthePN-7andI?N-9fallbelowthe*lineas istobe ,
expectedon accountof theiroutboardenginesand smallnacelles.
In thePN-9withitslargegeared
*
lA-1500engines,theinterference
* fora modelaloneas arrangedfor
propellersand compactPackard
isverylittlegreaterthan
testinginthewindtunnel.
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s Thecurveas drawnisverysimilarto a cubic,and it is
.
a possiblethatthetruecurveforpropellersactingalonewould
be a cubicpassingthroughtheorigin.Sincethepowervariesas
thecubeof thetipspeedforgeometricallysimilarpropellersat
thesame V/nD, thismay indicatethatthescaleeffectis such
thatthecharacteristicsof theairfoilseotionsvarydirectly
as thespeed.Sucha variationdoesnotagreewiththeresults
foundin thevariabledensitywindtunnel,but it isnotstall
certainthatchangingtheRe-ynoldslTumberby varyingthedensity
of theairproducesthesameeffecton airfoilcharacteristics
as changingitby varyingthevelocity~whenthevelocitiesare
of theorderof thevelocityof sound.Thereisverylittle
knownaboutairfoilcharacteristicsat thehighvelocitiesusedn
inpropellerworkanda thoroughresearchon thissubjectwould
k
be helpfulindeed.
conclusions
Thedatain thispaperareverylimitedandthefollowing
conclusionsaremadetentativelyandsubjectto revisionwhen
morecompletedatabecomeavailable~
(a) The combinationof scaleeffectanddistortionis -
a moreimportantconsiderationthanbodyinterferencein
*
l
thedeterminationf powerabsorbedby full-scalepropel-
lers.
(b) Thepowerabsorbedby propellersdependsuponthe
tipspeed,allotherconditionsremainingconstant.
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An extendedfull-soaleresearchcoveringscaleeffect,dis-
tortion,andbodyinterferencewillbe requiredin ordertode-
terminethevalidityof theseconclusions.
1.
c ‘=
A.R.=
C.R.=
B.HP.=
C.HP*=
Symbols
Airspeedin ft./see.
Revolutionsper second,
Diameterin feet.
Powerinft.lb.persec.
Densityof atmosphereinmassunits.
Powercoefficient= P/~n3D5
AspectRatio= Diameter/Totalmaximumbladewidth.
Camberor ThicknessRatio,basedonNavystandard
minimumcamber= 1.
Brakehorsepowerof engine.
Calculatedhorsepowerof propeller*
Wm.F.Durand
and
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Comparisonof powerabsorbedby fullscaleandmodel
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